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A bstra(:I
ln this study, the path radian cehthe hom ogen eo us atm osphereis para m etrizd bytlShg theleast
squ are m ethod a ndthe e mp出c allyBthg method, andthe radian cein the h hom ogene o usatm o sphereis
畷pr eS Sed as that ml皿 hted byth¢ hom ogetl印 uS modelplus 白Qme 蝕1pXricalc o rrectio n. Ac cu r a cy ofthe
para met8rizd pathr adianQeis a n alyzedthro ughcompar血gthe radianc ewiththatcalcdatedbyDISO RT in
n u me rical8imt1atiQ nS. h the CaseOfthe.a飲 OSOIopticalthick18 SSOf<0.8,the viewinga ngle Of O
oto60o,
andthe co she ofsolar z軌ithangl¢･eha ndq &Q mI,0壬o0 3,th¢e ror afthePa r am ete (izedpathradianc ein
the h∝n ogene o u satm osphere can･be le88 than 10%. The error‾of the COrreCtLon 血ctor im the
par ameterization m odelofthepathradian¢einthe ca s e oftheinho m ogenecltlS atm o sphereisle ssthan12.3%
in wide a ero s olc D rLditions, includ 血gae ro s olQPtic al也idn 8 S&10fS2.35.
1.Intr oductio n
Atim es avhgbtlte7[a Ct alc ulatio n n od81ofthepathradian ceis v ery us e血1forthe S atellite rem ote s en sing
applic ation . Asfir a占the satellite opticalrem ote s ensi喝 Ofthes 血 c e血 racteristicis conc erned, a s o- c aled
the atm ospheric c orre ction(Ka 血 et al, 1997;Tatxre et d, 1997; Cordon, 1997, 耳Qlbe n etal, 1992)is
n eededto take offthe path radian cefro mthe totalupw ard radian ce. Her ethe pathr adian ceis rega rded asthe
n ois e. w 也lefor satenite r e m ote se nsingthe atm o spher e, the atm o spheric par a m Bteris retrie v ed 丘om the Path
radian c e.
Tもere ar e n nilytwokinds ofcalcdatio n c odes ofpa:thradia n cefor opti払1re m ote se nsing 如 m spa c e. On e
isthe m mericalalgoriihm ･ Itis gen er ally co mplicateda ndtirrLe- C O nS 血 g, Anotheris s o- cal ledLo oktlP Table
appro a ch(I.U T). A main adv antage Of uTrisitstim esa vhg. Bd h the exi血喝 u m applicatio n, a e3
'
O S Oユsi2re
distri butio n
,
its v ertic al extin ctiotLprO丘1e a nd r eh ctiv e hdex a re u slJa皿y sstu7 M!d in s o m eli血ted 皿 S eS･
'
merefor e,itis significa nt todev elop apar a m eteriz ed n odalofpathradim c e,being stIぬbleinthe I)strala eros ol
c ozLditoz RT he-z min co血ibtltio n ofthispaperisde v elopingthepar a m eterizedpathradim ce･
2. Pa r a m ete血atio n m odelofpathr adia tlC einthehom ogeJ) e o n s atm o sphe r e
TbBprese ntPa mm eteri2:edpathradian ce m odel,Io,pd,(”,4･),ispr opos ed as:
Io
.pD,A(FL,Q)= I8OL,4)＋IhUJ,4)
= I
.uL,4)＋[1＋ XII.OJ,の】方 之X3 ,
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(1)
wher eトisco血 e ofzeniha嘘Ie,lis a ziznLXtha喝1e,Is(”,¢)a ndlm(”,中)ar esi喝Iescattereda ndTZZdtiF18
s caLtteredradian ce,r e Spectivdy;Xl,X2 a nd X3 ar ePar a m ete.Slo betdelermin ed･
n e tlpWardradiatiQ A伽 Ⅹ, m a rkedasFtJ,giv enby
L
2'
d4Io
I
I
pa,AUL,4)FutJL 鴫 (A - 0),･ (2)
co mbiningEq.1 andJ;q.2, a ndstlPPO SingX3告1,itis zIOtdifBcdt todedu c cthatXl and X2 Satisb,the
fb皿o wi喝 rehtiozLS:
x
2
-票妄監, (3)
wher e, F8Uisthe upw ardsi喝l占s c atterhgr adiatio n伽 Ⅹ･
h this study, Hlis 8ZhPiricallydeternihedo nthebasis ofanaly2;hgthedeped cn c¢oftlPW ardr adianceo n
atzh叫h申c由r血 朗br s/Riisdedu由d､鉦om Bq3･ Then, E3isdeterminedbytu;i喝 thelea stsq恥 r ehBthod a nd
;1the 血中id血皿y
, 触i鴫 血 d. h 印 ar由 Ⅳ一曲 ationproc edu re Qf X3isdivided htofoll叩ingthr e■&tepB.
･I(1)Fbr a･giv ch:冶虚 就 職 .phas¢ 血 dio n, to co nk the r血tic whip Qf X3witha h ospheric optic al depth,
/isdar 2X'nith血 幽 ;vi6 Wi呼 2=edh a噛Ie a nal a Zin dh anglebyl演ingthe1組 StSqt We m 地 od, which isproposed
aB: ･■j∴
x3 -妾TL
'
去4j{1 - ”,i･&o表･(4,妾(I- po,k皇ナ 虹 f･jg - ”,∫ I (4)E竿O It ,0
where Tis optic althi血 ess,pT)is co sin e ofs ohr 2:e niihangle.
く f ,
守
■
･妻.モ遠
(2)Selecting m olecdar a ndJTqge
-typesC &tte 血gphsefun ctic n s･ a ndtusingthelea stsqt m m etb d･to 血d
the miti
～
dnship of f,ふith 6
‾
s血 e血g_phs占血由c npar a n eterふthe ccm s er v&tiv e atm osphere, whichisgiv e n
by:
1 3 3
1耳鼻 葛 ∑g孟∑才L∑屯f.I尽 - EL)I;
k正O E = 0 声0
2 3 3 3 3
‾暮∑
y
Z､巾∑c osh(声)∑‾(1∴カム･)f‾∑寸
I
'L∑お 叫 】` ,I¢- FL)∫,
hF±0 7I= 0 たこ1 l
L
z50 )≠0
(5)
wheregoisthe
.
BLSyn m6tric免ctor･
(3)By 血 喝.
th8 甲 申cany中軸 赫 ,.theabpv 叩 叩 teriz a血 egr申 on 由 extendedtothムcas e of
the abs orbi喝 atmDSPhere 且71dthe t10ELIJ叩 酢
<
且er O$Ol･
n eBnalp?ra m et riz atio n m odelis:
JoIPQ ,AuJ,4)=.I..OL,4)＋[1＋F.I.uL,4
S)坪2E ” (6)
xl -(03＋24000go
2 0
)[F.q /Eu]2 , (7)
x2 -是認-I
1 3 3
X
,
- Cf.∑go
k
∑T
'
.
∑A*;L .i¢ - JL)
∫
k= O I
I
z O J=0
＋ cfl∑z爪∑cosh(4)∑¢ - FLo)k∑TE∑B 叫 k, J-α - ”)I
J h= O ” ;0 k=1 i= 0 ]= 0
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(8)
(9)
z =tl - 0.33g言q/(I＋2.79pbq)】go,
0･000146pbP言〟o
2
(1 - JL)e3(P卜52UL - 0･8)
2
]
Io = 1＋
1＋4r
2
･
q
之
po
2
go
8
T e XPト94,5(〟 - 0.9)2】
1＋0･394pb
2
p享q 4
o･o103popfPb
3
q(2･ c os4)r
m2 exp卜38JfoJ - O195)2]
fl = l - -
c - l･[0･06(5 - 4co$4
1＋5す
2
1＋ 4r2
- 2.25(1rFL)2(1 - sing)
(10)
.(ll)
(1 2)
(1 - q)･ (13)
h abov e eqtlations, 可 IG atmo spheric albedo, pb a ndpy are the s c atlerhgphase hlCtio n at 180
o
and Oo,
r e spectively.
Nexl, a c c u r a cy Of the par a m朗 eriz ed path radiance is a nalyzed acc ordhg to co mparativ e n um erical
simdation s. ¶旭 radia n c e calcdatedbyDIS O RT(StaT n¢S etal.198 8)istakeia sitstru e v abe. Se v e n aero sol
siz edistributio n m血¢b a re tlSed hthe s 血 tions, Amongthem 血 ee are theJt)nee siz edistribⅥtlons with
Lunge para m et r v
一
=2
,
3 and4, d 伽 1ed 且SJ2, J3aTld J4, respec(iv Bly･ Anothertwo 耶 COtlther'ta nd - fin e
a er os olm odebpr
_
eS ented byPier.n8 djian(1969)･ - rk8d 鵬 DIC a nd D･ M;re spe ctiv ely. n Blast tw o arethe
log- nor malm r&laふd品rilim B Tnddels(Molinea u setal., 19
198). 血ee &ふ6sol 血 a cmi¢index esof1.5･Ol,i.5-
o.oliand1.5-0.03も and 8a eroslopticalthidm由s
■
of 0.OS,0.1,0.2, 0.3,0.4, 0.5,0.6血d 0.8arb畠ele cted･ hpDt
paTa n eterS Ofpo･ - a 叫 are: 岬 1
■
･0･0･9,0･g･ O17, 0･6;o･5･ 04
1品do - ch 喝 如 b益
J
o･5tbl 加itha step
.f 0.02; a ndl changing 丘o n O｡ to 180｡ ふth a step of
■
10o , 血 r血;i
,
thqr e ar etogether
J-･ら4B4畠‾A;6Is of
c o mpa∫且tiv epathradia ncedatafor e veryon¢ ofsev e na ero s olsi2;edistribution nod 血 Fig･1 show sstandard
and7TnXi m rehtiv e erro rs aT n O ngthe94848s ets ofpathradiaDCe Calcuhrledbyt晦 par a moteriz 8ti皿 m Odel･
Assho wn h Fig･1, for al s e v en - a er o s olsiz edistribticntypesthe stahdard err or a nd･the m x血1.m err orOf
thepar aneteriz edpathradia nce arelessthan2.76 %and9.72 %, r espectiヤely･
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Fig･1Standarda nd 打払Ⅹin u m r elativ e err ors ofthepar a m eteriz 8dpathradia n ceintheho mogene o us alrn OSPher e
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3･ Par a m et riz atio n m odelofp thrd ia n c eintheinho m ogc b e O n S atm O叩he r e
皿 ei)nthr &dhn c ehtheinho m ogeneot -tm osphere,den oted astpa 山 軌ise xpress eda sthepathradiazICe
calcthtedbythe
■hozn oBe n 8 0TIS m Odeilpltw s o m e erEPl lCalc orre ctio n,ire.
I
pq,AUJ,4)= R Io.padUL,4).
HereR is a cotTeCtionfactor.
m e co rr e ctio nA c anbe e7 nCtly expr ess edas:
R = a .b = 旦 .b ,
F
o,zp
(14)
(15)
b - 諾 意 , (16,
where･F
DPa ndFo･呼 a r e r adiativ em Ⅸc sh the ca se ofn o surfa ce refl cta n c e, c alcdat8d byinho m og6neO uS md
hom ogen e9uS radiativ em Dd由 , respe ctiv ely.
げ･the r ati?betw e nthetw opathr &d 申 ,i?･ ちD 山.め a ndlqpa血仙i?, areinde 阿 血 1 o 叫 and.,b;0,
ands o
.
the c o 打 e Ctio坤 cto rR h/Fq1 4is eqtnltothe瓜 Ⅸ ratio of f,q toFa.”,･ T herefore,theAtlX ratio(FdFo,秤)
can be r egarded as甲e orderof appr o血 且do n ofthe
■
hcto rR･ Thel喝 erthe singl? s c a廿ering radian&is,
generally･ thelargerPe d tiple苧比 hcring radian c e･ Again c m sideripg si叩1iRcatio n ofthe shgle sc attedng
calcdatio n
･
itis propos edto take the shgle sc - 喝 r&dian c ein ste ad of the ndliple sc a他
･hgr adia n ceto
dcte min ethePara 此tPrb･ Bas ed onthispohtandthedependen cei Ofb o n” a nd.,R is e mpiricaly e xpr ess ed
a S:
R -(%r＋ヰ器ヰ
R
∫
- 諾慧芸･
(1 7)
(18)
wher el
sb 4)a ndZqsUt4)arethe siqle s c attering ndia n ces･bytheinho n oge n 印 u S a nd ho n ogeneons m odels,
r e spe ctiv ely.
h addido n
･in orderto s av ethe C OrnPutingtim e, 加 r-strc a nDelh - ” appr 血 tio n(Ⅶ s co mbe etal, 1976)
is tJS ed in calcuh血glthenux ritio FFQ /Fq呼 in thispaper･ The re sttw o c o efBcie EtS h Eq1 7, i･e･ t ”ndC, a r e
er npiric aJlydeter nb eda s:
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w go
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6
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T hepres 甜I m odelis c o mpared wi払 thehom oBeneO q S model atldthetwo-layer n Odd with a ¢ro6d
:inthe
below layer, propo s ed by Wa ne a nd
‾Gordon (1994), h n tmlerlc al si datio4S. Thes e sin )1且tio ns tw o13 0
a er os ol models, c ove血g aero solopticalthich ess丘o mO･03to2･35, a ndtheim gn q indee”f CItoO･05, a nd
30a erosol extin ctio n co effic entproBles(hcltlding1月W TR AN ru ral, m aritim e a nd v olca nic a ero soln d els).
m er e aretogether2 04S160setsofc o mpzLr ativ epathradiatlC e血ta. Fig.2sho w s sta n血rdandTnaX地 肌 r ¢htlv e
errors ofpathradia nce Calc ulatedbythehon ogen e o us 且ndTwo-layer models, a ndthepres ent m ethod. Radia n c e
calculat申bythedoublepr cdsio nDIS O R T.(St m es el al, 1988;B6rk et al, 1996)withthe18atm ospheric
layersis regarded as the true mdia n ce. As sho w nin Fig.2, the standard err orsin to也l 2045160sets of
c omparativ epathr&dian ce血tabythehom ogene otlS andtwo- hyw models, 弧d thepres etLn 8thod Ar e6･61 %,
4 38 %, and 1.71%, andtheir ma3:i m errors are59.45%,46.35%,12.4%, reSpectiv Bly.
It w o uld be notedthatIDJ”LhinBq･14 is c &1cuhted byDIS O R T for･the &bov 6error 8 Stim tion･ n er efore, the
'm e abov e- eStim ated 耶 Ofth8 P叫 r8軸ulC6 by 伽_pr85軸l
■
即呼iricd d串1 is r eally th¢ eror Qfthe
correctio nfa ctorR in Eq.14･ Tfthep町 a md erizedpathradhncejinthe Case Qf th6ho m喝en eOtW 8tn O SPhere)
dev eloped h･･the申o v e細 o n;/由 聯 d;ぬth& 軸 tion,i-坤 蜘甘酢､eF 噺 噸Ibe obbh ぬFdh6Fimprov 郷 地 of
ot)r z710ddwill b¢ m aid.
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